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Appendix D 

INTRODUCTION 

Addi t iona l  ana lyses  o f  wind tunne l  t e s t  r e s u l t s  from SRB s t i n g  i n t e r -  

f e rence  t e s t  TWT 660 and HRWT 042 were conducted t o  e v a l u a t e  t h e  s t i n g  

i n t e r f e r e n c e  t h a t  may be p r e s e n t  i n  t h e  Space S h u t t l e  SRB r e e n t r y  aerody- 

namic math model. Addi t ional  wind tunne l  d a t a  was obta ined a t  h igher  ang les  

o f  a t t a c k  from test program TWT 660 and t e s t  program HRWT 042. The addi-  

t i o n a l  d a t a  were analyzed t o  e v a l u a t e  t h e  procedures used t o  f a i r  the  d a t a  

i n  t h e  development of t h e  SRB r e e n t r y  aerodynamic d a t a  Tape no. 5. Aero 

d a t a  Tape no. 5 was developled from TWT 660 s t i n g  i n t e r f e r e n c e  d a t a  obta ined 

overa: range A (CC = 100 t o  120 deg) ,  a range B ( C Y  = 120 t o  140 d e r )  and 

H R W T a  range A ( O C  = 100 t o  120 deg).  

The ana lyses  of  t h e s e  d a t a  showed t h a t  i n  t h e  ang le  of a t t a c k  range 

nea r  130 deg,  t h e  nose mount s t i n g  had t h e  s m a l l e s t  s t i n g  i n t e r f e r e n c e  and 

t h e  c o r r e c t e d  d a t a  was c l o s e  t o  t h e  l a r g e  model (SA11F) nos< mount t e s t  

~ s ~ l t s .  The s i d e  mount t e s t  r e s u l t s  had been used t o  develop t h e  aerody- 

namic math model i n  t h i s  a n g l e  of  a t t a c k  range (SRB d a t a  Tape 2, s e e  s e c t i o n  

I1 f o r  a d i s c u s s i o n  of  t h e  wind tunne l  t e s t  programs and SRB d a t a  t ape  t e s t  

program bases ) .  The development of SRB d a t a  Tape no. 5 ,  which was developed 

by a s e r i e s  of "de l t a s"  t o  Tape no. 2 ,  r equ i red  the  development of  l a r g e  

d e l t a s  i n  t h e  aiigle of  a t t a c k  range where t h e  t e s t  d a t a  terminated a s  shown 

i n  Fig. D-1. Tape no. 5 wce developed by ignor ing  t h e  end of the  c o r r e c t e d  

d a t a  curve  and f a i r i n g  t h e  curve  i n t o  t h e  SAllF nose mount d a t a .  Th i s  tech- 

nique c r e a t e d  p o t e n t i a l  e r r o r s  i n  c e r t a i n  Mach riumber ranges  S e c a u ~ e  the  

trim ang le  of  a t t a c k  (CM = 0 with dCM/da nega t ive )  was i n  t h e  ang le  of 

a t t a c k  range where t h e  d a t a  cu rves  had t o  be f o r c e  smoothed. An a d d i t i o a n l  

problem t h a t  occured i n  t h e  development of  Tape no. 5 was t h e  development of  

d a t a  t r e n d s  a t  Mach 0.5 High Reynolds number t e s t  d a t a  e x i t e d  a t  Mach 0.4 

and 0.6 from t e s t  HRWT 042. The d a t a  a t  Mach 0.4 showed a l a r g e r  t r i m  ang le  

of a t t a c k  then t h e  d a t a  a t  Mach 0.6. Data t r e n d s  st  Mach 



0.5 were developed by i n t e r p o l a t i n g  t h e  Mach 0.4 and 0.6 da ta .  There was 

concern t h a t  t h e  d a t a  t r e n d s  a t  Mach 0.5 may be c l o s e r  t o  t h e  Mach 0.4 d a t a  

than  t h e  Mach 0.6 data .This  was of concern e i n c e  t h e  Mach number a t  ,: 

c h u t e  deployment was c l o e e  t o  Mach 0.5 based on the  STS-1 r e s u l t s .  

Addi t ions  t o  the  two wind tunne l  t e s t  programs (TWT 660 and HRWT 042) 

were thus  developed t o  o b t a i n  d a t a  t o  v e r i f y  t h e  procedures used t o  develop 

Tape no. 5. This  appendix c o n t a i n s  t h e  r e s u l t s  of  the  ana lyses  of  the  addi-  

t i o n a l  t e s t  d a t a  a long with an  assessment of t h e  e r r o r s  a s s o c i a t e d  with Tape 

no. 5. 

Wind Tunnel Tes t  Programs 

Two a d d i t i o n a l  wind tunne l  t e s t  programs were conducted t o  develop t h e  

r e q u i r e d  s t i n g  i n t e r f e r e n c e  d a t a .  The wind tunnel  t e s t s  c o n s i s t e d  of a 

t r a n s o n i c  t e s t ,  i n  the  MSFC 14-inch T r i s o n i c  Wind Tunnel (TWT 660) and a 

High Reynolds number t e s t  i n  t h e  MSFC High Reynolds Number Wind Tunnel (HRkT 

042). Combinations of s i n g l e  and dummy s t i n g  arrangements were used dur ing  

both t e s t s  t o  o b t a i n  the  necessary  d a t a  f o r  t h e  e v a l u a t i o n  of t h e  s t i n g  

i n t e r f e r e n c e .  A b r i e f  d i s c u s s i o n  of  each t e s t  program a d d i t i o n  i s  presented 

below. 

WT 660 Tes t  Program 

The TWT 660 test program a d d i t i o n  was designed t o  o b t - i n  a d d i t i o n a l  

six-component s t a t i c  s t a b i l i t y  d a t a  on a model of  t h e  146-inch diameter  SRB 

model mounted on va r ious  s t i n g  arrangements and combinations t o  determine 

t h e  e t i n g  e f f e c t s  i n  t h e  ang le  of  a t t a c k  range C (011 135 t o  155 deg) The 

techn'que of developing t h e  e t i n g  i n t e r f e r e n c e  d a t a  i s  t o  mount t h e  SRB 

model on a n o ~ e l n o u n t a d  s t i n g  and o b t a i n  d a t a  with and wi thout  dummy 

side-mounted s t i n g s .  The d u m y  e i d e  mounted s t i n g s  a r e  conf igured t o  simu- 

l a t e  s t i n g s  used i n  t h e  MSFC 14-inch TWT t e a t .  The t e s t  program thus  pro- 

vided a d a t a  base than can be used t o  develop c o e f f ' c i e n t s  which may be 



ured t o  develop c o r r e c t i o n a  t o  tho  aide-mounted s t i n g  SRB d a t a  base. An 

a d d i t i o n a l  por t ion  o f  t h e  t a r t  program c o n r i r t r  of mounting t h e  SR6 model on 

var ious  ride-mounted r t i n g r  t o  o b t a i n  d a t a  with and without a dummy nore  

s t i n g .  Th i r  procedure provided a check of t h e  mutuai s t i n g  i n t e r f e r e n c e ,  

s i n c e  t h e  c o r r e c t e d  d a t a  f o r  both noee and ride-mounted a t i n g s  should agree  

i f  t h e  t o t a l  e t i n g  i n t e r f e r e n c e  i e  removed from t h e  d a t a  and no mutual s t i n g  

i n t e r f e r e n c e  e x i s t s .  

The t e s t  program conducted i n  t h e  MSFC 14-inch Tr ieon ic  wind tunnel  

provided d a t a  a t  Mach numbers o f  0.6, 0.8, 1.05, 1.1, 1.2, and 1.46, f o r  

ang les  o f  a t t a c k  from 135 t o  155 deg,  and r o l l  ang les  of 0 ,  45,  and 90 

degrees.  

The model conf igura t ions  used f o r  t h e  t e s t  program a r e  as fol lows:  

Configured 

MOONSC 

MSDNSC 

Def in i t ion  

Noee-mounted s t i n g  

Nose-mounted s t i n g  w i t '  A Y  

s i d e  slting 

MSSOOC Side-mounted s t i n g  

Side-mounted s t i n g  with dummy 
nose e t i n g  

The "C" des igna t ion  identifiers range C. The s t i n g  i n t e r f e r e n c e  

a n a l y e i s  procedure was i d e n t i c a l  t o  t h e  procedure used f o r  a n ~ L e  of  a t t a c k  

range A and B. The t e a t  d a t a  f o r  t h e  va r iour  c o n f i g u r a t i o n r  were i n t e r -  

pola ted and sub t rac ted  t o  o b t a i n  t h e  e t i n g  i n t e r f e r e n c e  due t o  t h e  nose 

mount r t i n g  and the  s i d e  mount r t i n g .  The e t i n g  i n t e r f e r e n c e  war then 

removed from t h e  bae ic  r i d e  mount and uore  mount d a t a  t o  develop c o r r e c t e d  

data .  Tab l i r t i n g r  of a l l  d a t a  a r e  p re ren ted  i n  Tablee D l  through D-125. 



IUtWT 042 Tes t  Program 

The a d d i t i o n a l  HRWT 942 t e s t  program c o n s i s t e d  of  t h e  completion of  t h e  

"B" a n g l e  of  a t t a c k  range ( d = 120 t o  140 3eg) o f  t h e  o r i g i n a l  HRWT 042 

t e s t  program. The A and B p o r t i o n  o f  t h e  test program is  d i scussed  i n  

Sectinn IT. Seiec ted  d a t a  a t  Mach 0.5 rras a l s o  obta ined d u r i n g  t h e  042 test 

program a d d i t  1911. 

TWT 660 'Jata Analys is  

Selected p l o t s  of t h e  normal f o r c e  and p i t c h i n g  moment s t i n g  i n t e r -  

f e rence  a r e  presented i n  Figs .  D2 through D-11. Figs.  D-2 through D-6 show 

t h a t  t h e  nose mount s t i n g  has  the  s m a l l e s t  normal f o r c e  s t i n g  i n t e r f e r e n c e  

i n  t h e  "C" ang le  of a t t a c k  range. This  confirmed t h e  t r e n d s  from t h e  "B" 

a n g l e  o f  a t t a c k  range. The p i t c h i n g  moment s t i n g  i n t e r f e r e n c e  i s  l ~ r g e r  

f o r  t h e  nose mount s t i n g  a t  t h e  lower Mach numbers and smal le r  a t  t h e  h igher  

Mach numbers. It i s  noted t h a t  t h e  p i t c h i n g  moment s t i n g  i n t e r f e r e n c e  s i g n  

i s  dependent on t h e  st.ng l o c a t i o n .  Thus t h e  s i d e  mount p i t c h i n g  moment 

s t i n g  i n t e r f e r e n c e  can p o t e n t i a l l y  be  reduced i f  t h e  s t i n g  l o n g i t u d i n a l  

l o c a t i o n  is  proper ly  s e l e c t e d .  

Comparisons of s e l e c t e d  TWT 660 d a t a  c o r r e c t e d  f c r  s t i n g  i n t e r f e r e n c e  

,<th t h e  SRB d a t a  t ape  aerodyntmic math model and o t h e r  t e s t  d a t a  a r e  pre- 

sen ted  i n  Figs.  Dl2 through D-26. These f i g u r e s  p r e s e n t  comparisons a t  Mach 

numbers from 0.9 through 1.46 and thun on ly  inc lude  t h e  TWT660 r e s u l t s  s i n c e  

Reynolds ntmber i n f l u e n c e  i n  t h i s  Mach number range a r e  n a g l i s i b l e .  

The normal f o r c e  c o e f f i c i e n t  comparisons a r e  presented i n  Figs .  D-12 

through D-16. Fig. D-12 p r e s e n t s  t h e  normal f o r c e  c o e f f i c i e n t  comparison 

wi th  the  Tape 2 values .  It i s  noted t h a t  no change was made t o  the  longi-  

t u d i n a l  d a t a  a t  Mach 0.9 i n  developing Tape 5 and thus  t h e  Tape 5 long i -  

t u d i n a l  d a t a  i s  i d e n t i c d l  t o  Tape 2 a t  Mach 0.9. @:gn i f i can t  d i f f e r e n c e s  

between t h e  TWT cor rec ted  d a t a  and t h e  t ape  va lues  i n  noted i n  



Fig. D-12 t o  only  occur n e a r  120 deg ang le  o f  a t t a c k .  The Q r a n g e  C d a t a  

( OT = 135 t o  155 deg) is noted t o  be very c l o s e  t o  t h e  t a p e  r e s u l t s .  The 

d a t a  t ape  r e s u l t s  near  a[: = 120 deg were n o t  changed i n  t h e  development of 

Tape 5 because of d a t a  t r e n d s  from HRWT 039 a t  Mach 0.9. The a d d i t i o n a l  TWT 

660 a range C r e s u l t 8  i n d i c a t e  t h e  Tape 5 r e s u l t s  a r e  accura te .  The addi- 

t i o n a l  cor rec ted  TWT 660 a range C r e s u l t s  presented i n  t h e  o t h e r  f i g u r e s  

!D-14 through 16) i n d i c a t e  t h a t  a smooth curve from t h c q  range A and B 

r e s u l t s  would a l s o  f i t  t h e  Olrange C r e s u l t s .  Thus l i t t l e  o r  no e r r o r  

e x i s t s  i n  t h e  Tape 5 noxmal f o r c e  c o e f f i c i e n t  from Mach 0.9 through 1.46. 

Comparisons of t h e  s t i n g  i n t e r f e r e n c e  cor rec ted  p i t c h i n g  moment c o e f f i -  

c i e n t  d a t a  i s  presented i n  Figs. 0-17 through D-30. The c o r r e c t e d  p i t c h i n g  

moment c o e f f i c i e n t  d a t a  a t  Mach 0.9 a r e  presented i n  Figs.  D-17 through D-19 

f o r  r o l l  ang les  of 0 ,  45 and 90 deg, r espec t ive ly .  The c o r r e c t e d  g r a n g e  C 

d a t a  is  noted t o  have a good t rend  with t h e  Q range B d a t a  such t h a t  a 

smooth curve can be developed through t h e  t o t a l a  range. The c o r r e c t e d  d a t a  

i s  c l o s e  t o  t h e  Tape 5 r e s ~ ~ l t r  although c o n e i s t e n t l y  on t h e  l e s s  nega t ive  

p i t c h i n g  moment s ide .  S imi la r  cor rec ted  d a t a  curves  a r e  presented i n  Figs.  

D-20 through D-26 f o r  Mach numbers of 1.1, 1.2 and 1.46. These f i g u r e s  show 

t h a t  t h e a  range C cor rec ted  d a t a  g e n e r a l l y  matches t h e  p i t c h i n g  moment 

c o e f f i c i e n t  humps near t h e  upper por t ion  of t h e  Q: range B da ta .  This 

c r e a t e s  a p o t e n t i a l  e r r o r  i n  t h e  Tape 5 math model s i n c e  t h e  humps a t  t h e  

end of t h e  a range B cor rec ted  d a t a  were no t  incorporated i n t o  Tape 5. The 

humps were no t  used i n  t h e  development of t h e  math model because they a r e  a t  

the  end of t h e  cor rec ted  d a t a  and l a r g e  p i t c h i n g  moment c o r r e c t i o n s  would be 

required t o  smooth a curve from t h e  end o f  t h e  d a t a  t o  h igher  ang les  of 

a t t ack .  

Expanded portion6 01 t h e  d a t a  compr,risons a t  Mach 1.1 and 1.2 a r e  pre- 

sented i n  Figs.  D-27 through D-30. These f i g u r e s  show t h a t  a smooth curve 

through t h e  a range A and B cor rec ted  d a t a  war used t o  develop Tape 5. The 

TWT ql range C t e s t  r e s u l t s  show t h a t  t h e  humps i n  t h e  curvet a t  t h e  end of 

the  Q range B d a t a  a r e  c o r r e c t  and thus  e r r o r s  e x i s t  i n  t h e  Tape 5 



math model. Tbe e r r o r  r e e u l t r  i n  r u b e t a n t i a l l y  l a r g e r  t r i m  ang lee  i n  cer-  

t a i n  c a s e r  as shown i n  t h e  f i g u r e r .  

HRWT 042 T e s t  R e s u l t s  

The development of  t h e  s t i n g  i n t e r f e r e n c e  and c o r r e c t e d  high Reynolds 

number t e s t  r e s u l t s  was p e r f o r r e d  u s i n g  d a t a  p l o t s  due t o  t h e  d i f f i c u l t y  o f  

i n t e r p o l a t i n g  t h e  d a t a  us ing  a computer ( e s p e c i a l l y  t h e  p i t c h i n g  moment 

c o e f f i c i e n t  d a t a ) .  The curves  used t o  develop t h e  normal f o r c e  s t i n g  i n t e r -  

f e rence  and t h e  c o r r e c t e d  d a t a  a r e  presented i n  Figs.  D-31 through D-42. 

The f i g u r e s  are separa ted  i n t o  s i d e  mount and nose mount s t i n g  configura- 

t i o n s  f o r  r o l l  ang les  of  0 and 90 deg. These f i g u r e s  show s u b s t a n t i a l  

normal f o r c e  s t i n g  i n t e r f e r e n c e  n e a r  U = 125 deg. 

Sumnary c o r r e c t e d  normal f o r c e  c o e f f i c i e n t  d a t a  is presented i n  Figs.  

D-43 through D-48. Figures  D-43 and D-44 show t h a t  a t  Mach 0.4 t h e  cor-  

r e c t e d  d a t a  i s  s u b s t a n t i a l l y  d i f f e r e n t  fron. t h e  Tape 5 r e s u l t s .  F igure  D-45 

and 46 show t h a t  t h e  r e s u l t s  f o r  Mach 0.6 a l s o  show s u b s t a n t i a l  d i f f e r e n c e s  

between t h e  c o r r e c t e d  d a t a  and t h e  Tape 5 r e s u l t s .  The major e r r o r  is i n  

t h e  125 t o  130 deg ang le  of  a t t a c k  range. The d a t a  presented i n  Figs. b-47 

and D-48 show t h a t  t h e  c o r r e c t e d  lWT 660 d a t a  is n e a r  t h e  Tape 5 va lues ,  but  

the  c o r r e c t e d  high Reynolds number d a t a  is g e n e r a l l y  h igher .  An average 

CN e r r o r  o f  approximately 0.5 e x i s t s  i n  t h e  ang le  of  a t t a c k  range from 120 

t o  135 deg. 

The curves  used t o  develop t h e  p i t c h i n g  moment s t i n g  i n t e r f e r e n c e  and 

t h e  c o r r e c t e d  d a t a  a r e  presented i n  Figs.  D-49 through D.60. The f i g u r e s  

a r e  separa ted  i n t o  s i d e  mount and nose mount s t i n g  conf igura t ions .  

The s t i n g  i n t e r f e r e n c e  d a t a  and c o r r e c t e d  d a t a  f o r  Mach 0.4 a r e  pre- 

sen ted  i n  Figs.  D-49 through D-52. The f i g u r e s  show l a r g e  p o s i t i v e  p i t c h i n g  

moments nea r  Q: = 125 degrees  s i m i l a r  t o  t h e  normal f o r c e  da ta .  The d a t a  

t r e n d s  f o r  Mach 0.6 and 0.8 show t h a t  t h e  c o r r e c t e d  d a t a  is  



s i g n i f i c a n t l y  b e t t e r  behaved u i t b  s i g n i f i c a n t  negat ive p i tch ing  mment 

values. 

The d i f f e r ence  between the  d a t a  a t  b c h  0.4 and 0.6 prompted the  evalu- 

a t i o n  o f  add i t i ona l  test r e s u l t s  a t  Mach 0.5 C a p a r i s o n s  of  c e r t a i n  d a t a  a t  

Mach 0.4 and 0.5 a r e  presented i n  Fig. D-61. It L s  noted t ha t  d a t a  t rends  

f o r  both t he  nose mount configurat ion (HOONSB) have the  same da ta  t rends a t  

both Mach numbers. Figure D-62 presen ts  t h e  nose mount p i tch ing  moment a t  

four Mach numbers from 0.4 t o  0.6. The curves show the  s i m i l a r i t y  i n  d a t a  

a t  Mach 0.4 and 0.5 and the  d a t a  s i m i l a r i t y  a t  b c n  0.55 and Xacb 0.6. Data 

obtained using the  nose mount s t i n g  with t he  dwmy s i d e  mount s t i n g  a r e  pre- 

sented i n  Figure D-63. These d a t a  were used t o  develop the  s t i n g  i n t e r -  

ference d a t a  presented i n  Figure D-64. Figure D-64 shows t h a t  there  i s  a l s o  

a s i g n i f i c a n t  d i f fe rence  i n  the  s t i n g  i n t e r f e r ence  between the  Hach 0.4 and 

0.5 da t a  and the  0.55 and 0.6 data.  Thus t he  p i tch ing  moment character- 

i s t i c s  a t  Mach 0.5 should be c lo se  t o  t he  Mach 0.4 r e s u l t s  and the  pi tching 

moment c h a r a c t e r i s t i c s  a t  Mach 0.55 should be c lo se  t o  t h e  Mach 0.6 r e su l t s .  

Summary corrected pi tching wment curves a r e  presented i n  Figure D-65 

through D-75. ?he corrected high Reynolds number d a t a  and Tape 5 and Tape 2 

r e s u l t s  &re presented f o r  cornpariron. The corrected TWT660 da t a  a r e  pre- 

sented f o r  comparison where ava i lab le .  The r e s u l t s  f o r  Mach 0.4 a r e  

presented i n  Figs. D-65 and D-66. These f igures  show t h a t  the  Tape 5 

r e s u l t s  do no t  p red ic t  the  corrected high Reynolds number pi tching mment 

curves near  OC = 125 deg. The da ta  i n  Fig. D-65 shows the  worst case where 

the p i tch ing  moment coe f f i c i en t  e r r o r  i s  near  +3.0. The Tape 5 r e s u l t s  fo r  

Mach 0.5 a r e  a l s o  shown fo r  comparison. The previous discussion pointed ou t  

the  s i m i l a r i t y  between the  Mach 0.4 and Mach 0.5 r e s u l t s .  Thus the  e r r o r  i n  

t he  Tape 5 r e s u l t s  would a l s o  e x i s t  a t  Mach 0.5. 

The summary corrected p i tch ing  moment c h a r a c t e r i s t i c s  a t  Mach 0.6 a r e  

presented i n  Figs. D-67 through D-70. Figures D-67 and D-68 show t h a t  



e r ro r6  e x i 8 t  i n  t he  Tape 5 p i tch ing  moment r e r u l t 8  i n  t h e  angle  of a t t a c k  

range from 120 t o  130 deg. Ibe l a r g e r t  error i r  about +1.0 near  130 deg f o r  

90 deg r o l l  ( r ee  Figure D-68). 

Expanded rumary  plotm are presented i n  Figs. D-69 and D-70. These 

f i gu re s  show t h a t  the  e r ro r8  i n  the  Tape 5 r e s u l t s  a l s o  p o t e n t i a l l y  exist 

ou t  t o  150 deg. Suaaary corrected p i tch ing  r a e n t  c h a r a c t e r i s t i c s  a t  Mach 

0.8 are presented i n  Figs. D-71 thorugh D-74. These f i gu re s  s5ov t h a t  the  

Tape 5 r e s u l t s  were an irprovememt over t he  Tape 2 r e s u l t s  but errors still 

e x i r t  i n  t h e  predicted p i tch ing  moment cha rac t e r i s t i c s .  The l a r g e s t  e r r o r  

appears t o  be approximately +0.7 near  U = 130 deg (see Fig. D-71). The 

expanded s m r y  curves presented i n  Fig. D-73 and D-74 show t h a t  t he  e r r o r s  

i n  t he  Tape 5 r e s u l t s  extend out  t o  an angle  of  a t t ack  o f  150 deg f o r  zero 

r o l l  angle  (see Fig. D-73). 

An evaluat ion of the Mach number t rends  w a s  conducted t o  eva lua te  t h e  

t rends  of a l l  the  corrected d a t a  with t he  Tape 5 r e su l t s .  E x ~ ~ p l e  Mach nunr 

ber  t rends  a r e  presented i n  Figs. D-75 and Ik76. These f i gu re s  show t h a t  

s i g n i f i c a n t  e r r o r s  e x i s t  a t  Mach 0.5 and near  Mach 1.05. Tbe Mach 0.5 e r r o r  

e x i s t s  due t o  the  assumption t h a t  the  Mach 0.5 d a t a  should be between the  

Mach 0.4 and 0.6 data.  The present  ana lys i s  found t h a t  the Mach 0.5 d a t a  

should be c lo se  t o  the  Mach 0.4 data.  The f i gu re s  a l s o  show t h a t  t he re  is a 

l a rge  d i f fe rence  between the  Mach 0.9 d a t a  and the  Mach 1.1 d a t a  and a 

l i n e a r  i n t e rpo la t i on  between these da t a  s e t s  w i l l  c r e a t e  errors. These 

e r r o r s  a r e  due t o  the  nonlinear shape of  t he  p i tch ing  moment curve through 

Mach 1.0. 



CONCLUSIONS 

The analyais of additional teat data from wind tunnel tests TKT 660 and 

HRWT 042 has identified several areas where the Tape 5 SRB Reentry Aerody- 

namic Uath Uodel is in error. The error in normal force coefficient are as 

large as 2.0 at certain Mach numbers and altitudes. The error in pitching 

moment coefficient is as large as 3.0 at certain Mach numbers and altitudes. 

Aero data Tape 5 should be updated to remove these errors from the math 

model. 

In addition, data at Mach numbers of 0.55 and 1.05 should be added to 

the SRB data tape to reduce interpolation errors where the aerodynamic 

characteristics are a strong function of Macb number. 
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Fig. D-41 - Normal Force Data, HRWT Nose Mount, Ma = 0.8 ,  4) = 0 deg 
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Fig. D-46 - Summary Corrected Normal Force Data, Moo = 0.6,  $ = 90 deg 
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Fig.  D-47 - Summary Corrected Normal Force Data, MaD = 0.8, $ = 0 deg 

D-56 



ORlGsNAh PAGY 
OF POOR QUAL~TY 

Fig.  0-48 - Summary Corrected Normal Force Data, M, = 0.8, 4 = 90 deg 
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Fig. D-49 - Pitching Moment Data, HRWT Side Mount, PIa = 0.4, 4) = 0 deg 
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Fig. D-50 - Pitching Moment Data, HRWT Side Mount, M, = 0.4. 0 90 deg 
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Fig. D-51 - P i t c h i s  MOment a Data, HRdT h:ose Mount, H, = 0 .4 .  (I = 0 deg 
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Fig. D-53 - Zltching Moment Data, EIRWT'SI~~  Mount, Ma = 0.6,  @ = 0 deg 
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Fig. D.54 - Pitching Moment Data, HRWT Side Mount, Mm = 0.6 ,  = 90 deg 
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Fig. D-55 - Pitching Moment Data, HRWT Nose Mount, Moo = 0.6, $I = 0 deg 
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Fig. D-59 - Pitching Moment Data, HRWT Nose Mount, % = 0.8, @ = 0 deg 
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Fig. D-60 - Pitching Moment Data, HRWT Nose Mount, U, = 0.8, Q, - 90 deg 
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Pig. D-62 - Pitching Moant Data, HRWT Nore Mount, Mm = 0.4,  -5, .55, .6 
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Fig. D-63 - Pitching Moment Data, HRWT Side Dummy, Mm = 0.4,  . 5 ,  .55,  .6 
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Fig. D-64 - Pitching Moment Data, HRWT Side Mount Sting Interference 
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Fig. D-65 - Summary Corrected Pitching Moment Data, Moo = 0.4, @ = 0 deg 
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Fig. W67 - Summary Corrected8Pitching bment Data, % - 3.6, (O = 0 deg 
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Fig.  D-68 - Summary Corrected Pitching Moment Cata, Moo 0.6,  4 = 90 deg 
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Pig. D-69 - Expanded Summary Pitching Moment Datd, Em 0.6,  @ I 0 deg 
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Fig. D-70 - Expanded Summary Pitching Koupnt Data, '% .6 ,  @ = 90 deg . a 
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Fig. D-72 - Sunmary Corrected Pitching Moment Data, Mm = 0.8, $ = 90 deg 
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Fig .  D-73 - Expanded Summary Pitching Moment Dara, M, = 0.8, @ = 0 deg 
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Fig. D-74 - Expanded Summary Pitching Moment Data, Ma - 0.8, I$ - 90 deg 
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